Cdt1によるDNA複製の抑制に関する解析 by 牛田  磨理
Cdt1によるDNA複製の抑制に関する解析















? 1?? ?? .....................................................................................................................1 
? 2?? ?? .....................................................................................................................3 
? 1?? ???? ..........................................................................................................3 
? 2?? DNA?????????? ...........................................................................4 
? 3?? ?????????? .................................................................................. 10 
? 4?? ???????????????????????................................... 12 
? 5?? ?????? ................................................................................................. 14 
? 3?? ?? ................................................................................................................... 15 
? 1?? Cdt1?????????????? DNA????? ............................... 15 
? 2?? Cdt1??? DNA???????????????? ............................... 18 
? 3?? Mcm2-7????????????????? Cdt1??? DNA?? ...... 20 
? 4?? N????????? Cdt1??? DNA?? ............................................. 23 
? 4?? ?? ................................................................................................................... 27 
? 1?? GST-Cdt1????????????? DNA?????? 
Mcm2-7????????????? .............. 27 
? 2?? GST-Cdt1??????DNA????????? 
DNA??????? N?????????? .............. 29 
? 3?? ?????..................................................................................................... 30 




- 1 - 
 





? (origin recognition complex; ORC) ?????????????? ORC??????











? ? ????????????????????????? DNA?????? GST?




? ??? DNA?????? DNA helicase??????? DNA???????? DNA 
polymerase ??????????????????????????? Cdt1 ????
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???????????????GST-Cdt1 ??? DNA ?????????????
DNA ??????????  (RPA) ??????????????????DNA 
polymerase??????? aphidicolin????????????RPA????????
??????????????? DNA ??????? DNA ???????????
?????????? Chk1???????????????????????? DNA
????????????? GST-Cdt1 ??????? Chk1 ???????????
?????????S????? Cdt1????????Cdt1? DNA helicase????
????????????????????????????? DNA???????
?????DNA ???????????????????????????????
DNA helicase??? Mcm2-7?????????????????????? Cdt1?
??????????????????????????????? Cdt1 ?????
?????????? DNA ??????????????????Cdt1 ??? DNA
??????? Cdt1?Mcm2-7???????????????????? 
? ???Cdt1? N???????? (239-620 a.a. ; GST-Cdt1-?N) ?????????
???????????????????????????????????????
???????????????Cdt1? N??? DNA????????????Cdt1
??????????????? Cdt1? DNA?????????????????? 
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? 2?? ?? 
 




???? S ? (synthesis) ????????????????????????? G1
???? G2?????????? G1??S??G2??M??G1????????
?????????????????? cyclin-cyclin dependent kinase (CDK) ????
???????????????????????????????????????
????????? (Fig. 2-1)?cyclin ?????????????????????
CDK ????????????????????????????????????
?????????????????cyclin-CDK??????????? CDK???




































????? (? 2?)???????????? (? 3?) ?????? 
 
? 2?? DNA?????????? 
? ??????????????????????????????????????
????? (origin) ??????M????? G1?????????? origin???
? DNA ?????????????? S ???????????????????
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2.1? DNA????????????????? 
? 1)? ORC (origin recognition complex) 
? ? ?   ORC????????????? (autonomously replicating secuence: ARS)??
???????ATP???????????????????????? (Bell 
and Stillman, 1992)?ORC? 6?? subunit (Orc1?Orc6) ??????Orc1? Orc4?




? 2)? Cdc6 (cell division cycle 6) 
? ? ?   Cdc6 (?????? Cdc18) ??????????????????????
????? (Grallert and Sipiczki, 1991; Lisziewicz et al., 1988)?Cdc6 ? AAA+ 
ATPase family????Orc1??????????Walker A???? ATP???
???? Cdc6 ???????????Walker B ??? ATP ???????
Mcm2-7 ??????????????? (Tanaka et al., 1997; Donovan et al., 
1997; Herbig et al., 1999)????????????????Orc1???????
????? (Saha et al., 1998; Wang et al., 1999)????ORC-Cdc6??????
?????????????????Mcm2-7???????????????
?? loader??????????????? (Speck et al., 2005)? 
? ? ?   ???????? Cdc18 ???????????????????????
????????????????????????????????????
????? (Nishitani and Nurse, 1995)? 
? 3)? Cdt1 (Cdc10-dependent transcript 1) 
? ? ?   Cdt1?????????S????????????????????Cdc10
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????????????????? (Hofmann and Beach, 1994)???????
????????????????????????????????????
??????? RLF-B ??????????????????? (Tada et al., 
2001; Chong et al., 1995; Tada et al., 1999)?Cdt1???????????????
Mcm2-7????????????????????????????????
?????????????? (Maiorano et al., 2000)???? Cdt1? Orc2??
?Mcm2-7????????????????????????????? DNA
????????????????? (Yanagi et al., 2002) 
? ? ?   ?????? Cdt1 ????? Cdc18 ??? DNA ????????????
?????? Cdt1 ???????? DNA ???????? (Nishitani et al., 
2000; Vaziri et al., 2003)????? Cdt1??????????????????
??????????????? Cdt1???????geminin????????
????? 
? 4)? Mcm (minichromosome maintenance) 2-7??? 
? ? ?   ???????? ARS ????????????????????????
??????????MCM???????? (Maine et al., 1984)??????
???? 6? (Mcm2?Mcm7) ????Mcm2-7????????? DNA??
?????????????????6??????????????????
?????????????? subunit? ATP??????????Mcm2-7?
???DNA????????????? (Aparicio et al., 1997)??????Mcm 
subunit ???? DNA ?????????????????? (Labib et al., 
2000)?Mcm2-7???? DNA???????? DNA????? DNA helicase
???????????????? 
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2.2? DNA?????????? 
? DNA ?????????????????????????  (pre-replication 
complex: pre-RC) ??????????M/G1????????ORC? origin?????
??? Cdc6 ? Cdt1 ???????????????? Mcm2-7 ?????????







































Fig. 2-3? DNA?????????? 
? ?????M????? G1??????ORC???? Cdc6? Cdt1???????????
????????Mcm2-7???????????????? (pre-RC???)? 




???? (Tsuyama et al., 2005)? 
Cdc6? Cdt1?Mcm2-7???????????????????????????
?????????? (Donovan et al., 1997; Maiorano et al., 2000)?????Mcm2-7?
???????????????? ORC?Cdc6?Cdt1 ? DNA ??????????
?????????? (Hua and Newport, 1998; Rowles et al., 1999; Maiorano et al., 2004)? 
 
2.3? DNA????? 
????????? origin? CDK ?DDK (Dbf4-dependent kinase) ? 2??????
??????????????????????? DNA ?????????CDK ?
DDK????????????????G1????????? S?????????
?????? 
DDK ? DNA ??????????? Mcm2-7 ??????????????CDK
??????????Mcm2? DDK?????????? (Lei et al., 1997; Sato et al., 
1997)???????? Mcm2-7 ???? Cdc45 ? GINS ?????????????
?? (pre-initiation complex: pre-IC) ????????? origin????????? DNA 
polymerase ? origin ??????DNA ?????????????????????
???? DNA??DNA polymerase??? DNA??????????? DNA???









??? (Table. 2-1)? 
? 1)? CDK??????? 
? ? ?   CDK ??????? cyclin ??????????????????????
???????????????????????????????????
???? 
? ? ?   M ???? CDK ???????? pre-RC ???????????????
??????? CDK ??????????? CDK ???????? pre-RC
????? M ?????????????CDK ?????????????
???????????????????????????????????
???????????? ORC subunit?????? Orc2? CDK?????
????????????????????????? (Vas et al., 2001)????
Cdc6? S?? CDK??????????????????? (Elsasser et al., 
1999)?????????????????????????Mcm2-7????




? 2)? geminin??????? 
? ? ?   geminin ? anaphase-promoting complex/cyclosome (APC/C)?????????
???? M ????????????????????  (McGarry and 
Kirschner, 1998)???? geminin ? coiled-coil??? N??? Cdt1?????
coiled-coil??? Cdt1? Mcm2-7?????????????? Mcm2-7??
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????????????????????????? (Lee et al., 2004)?
APC/C????????????? geminin??????????? Cdt1??
???????????????????????geminin?????????
?? DNA ?????????????????????? (Melixetian et al., 




































Table. 2-1? DNA??????????????? 
? DNA ??????????? CDK ???????????????????????????
?????????????????Cdt1? CDK???? geminin???????????? 
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? ???????????? DNA ?????????? ATM (ataxia telangiectasia 
mutated) ????????ATM????????????? (ataxia telangiectasia: AT)
??????????????????????????????  (Savitsky et al., 
1995)???????????????????????? 
? DNA?????????????? ATM ? Chk1 ? Chk2 ???????CDK2 ?
????? Cdc25?????????????????? (Falck et al., 2001; O?Neill et 
al., 2002; Sorensen et al., 2003)? 
? ??????????????? DNA ??? dNTP ???? DNA ???????
??????????? ATR (ataxia telangiectasia and rad3-related) ????????ATR
? Chk1????????? Cdc25? Cdc7????????????? DNA????
??????????? (Nyberg et al., 2002; Costanzo et al., 2003)?DNA??????
























G1 S G2 M
CKI
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? DNA???????? Cdt1? Cdc6???????????????? (Blow and 
Dutta, 2005; Duursma and Agami, 2005)????DNA????????????????
????????????????? (Li and Blow, 2005)?????????????
??????? DNA???????????????????? 
 













































Fig. 2-5? ??????????????????? 
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? ??????????????????? Cdt1?????? DNA????????
??????????????? geminin ????? DNA????????????
geminin??????Cdt1???????????????????????????
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? 3?? ?? 
 
? 1?? Cdt1?????????????? DNA????? 
? ????????????????????????? DNA?????? GST??




? DNA???????????????????? DNA? DNA helicase ?????
?? DNA????????DNA polymerase???????????????????
???? Cdt1 ????????????????????????????????
???DNA polymerase ??????????? aphidicolin ????????????
?????? aphidicolin ???????? DNA helicase ???????? DNA 
polymerase????????????DNA??????????????????RPA
???????????????????? ATR-Chk1??????????????
??????????????????? (Byun et al., 2005)? 
? ????????????????????? GST-Cdt1????DNA??????
???? RPA????????????? (Fig.3-1)???????? Cdt1?????
? DNA ?????????????????????????? DNA ??????
???????????????DNA ??????????????????? CKI
??? Cdk2 ??????? p21 ????? origin ????????????? DNA
?????????? 
? ??????????????????????????? 20 ???? DNA ??
?????????????35???? origin???????????? 90????
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??????GST-Cdt1 ?????? Rpa30 ??????????????????
??????Cdc45 ???????????????????DNA ????????
???????????DNA polymerase ????? aphidicolin ??????????
???????? Cdc45???? Rpa30?????????????????????
Cdt1????????? DNA???????????????Cdt1? DNA polymerase
???? DNA helicase???????????????????? 
 
? ?????????????p21 ???? DNA ?????????????
aphidicolin? GST-Cdt1???? (Fig 3-2, lane 6)?????????? (lane 7, 8)?Rpa30
Fig. 3-1? Cdt1????????????????? RPA??????????????  
? ??? DNA (??? 1,000?/?l) ???? 35??????????????? p21?aphidicolin (?
?? 40 ?g/ml) ?Cdt1 (??? 80 nM) ????????????????????????????
?????????????????????????????????????????????
?????????? 







35 min at 23?
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?????????????? 
????aphidicolin ???? GST-Cdt1 ????????????????????
???????????????????????????????????????
??????????????????? DNA???????? Rpa30??????

















?????aphidicolin ??????????????????? GST-Cdt1 ????
??Rpa30????????? (lane 7)??? Cdt1?aphidicolin??????? Rpa30
























35 min at 23?
0,30 or 60 min
at 23?
lanes 2-6 
30 min at 23?
lanes 7-10 
aphidicolin




Fig. 3-2? Cdt1???? DNA helicase???????? DNA???????? 
? ??? DNA (??? 1,000?/?l) ???? 35??????????????? p21?aphidicolin (??
? 40 ?g/ml) ?Cdt1 (??? 80 nM) ?????? 23????????????lane2-6; ???????
??????????????????????????????????????????????
??????????????lane7,8; 30???Cdt1???? aphidicolin?????? 30?????
??????????????????????????????????????????????
?????????????????lane 9,10; 30?????????????? aphidicolin????
? (lane 9)?Cdt1????? (lane 10) ?????????????????????????????
?? 30 ??????????????????????????????????????????
???????????????????????????? 
? ???????????? (LFB2/50) ??????APH: aphidicolin?iso; isolation 
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??????????Cdt1 ?????????????????? aphidicolin ???
??????????????????????????????lane 5 ??? lane8
? Rpa30???????????????????aphidicolin? DNA polymerase??
?????????????Cdt1? DNA helicase????????????????
?????????????aphidicolin ? Cdt1 ??????????? Rpa30 ???
?????????????? (lane 6)?aphidicolin ???????????????
?????????????????? GST-Cdt1? p21?????????????
???????????????Rpa30 ???????????? (lane 9)???
GST-Cdt1 ??????????????????????????aphidicolin ? p21
?????????????????????????Rpa30???????????





????? DNA helicase???????????????????????????? 
 
? 2?? Cdt1??? DNA???????????????? 
? ?????????????? Cdt1 ?????????????????????
????? DNA ?????????????????????? Chk1 ??????
?????????????? (Li and Blow, 2005)???? DNA?????????
??? Cdt1 ??????????????????? ATM/ATR ???????
caffeine???????????DNA???????????????Cdt1???DNA
??????????????????????????????????????
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????????????? (Tsuyama et al., 2009)??????????? RPA???
?????????????????????? ATR????????? ATR???
???????????????????????????????????????
Chk1 ??????????????????? Chk1 ?????????????? 
(Fig. 3-3)??????? Gem79-130???? geminin???? Cdt1????????
??Cdt1?Mcm2-7??????????????????????????????
????????????? geminin ?????  (geminin ? 79-130 a.a.)???
Gem79-130??Cdt1??? DNA????????????????????????





















35 min at 23?














Fig. 3-3? Cdt1????? DNA??????????????????????? 
??? DNA (??? 1,000?/?l) ???? 35??????????????? p21?aphidicolin (??
? 40 ?g/ml) ?Cdt1 (??? 80 nM) ?caffeine (??? 5 mM) ?Gem79-130 (??? 8 ?M) ????
?? 30???????????????????????????????????????? Chk1
? Ser344 (human Chk1? Ser345???) ??????????? 
? ???????????? (LFB2/50) ??????Chk1-P; Phosphorylation of Chk1-Ser344 
 











? 3?? Mcm2-7????????????????? Cdt1??? DNA?? 
? ???????????Cdt1????? DNA?????? DNA helicase?????
????????????????????? 
? ?????????DNA???? DNA helicase???????????Mcm2-7?
????????? GINS?Cdc45 ???????? Mcm2-7 ???????????
?????????DNA??????????????????? (Moyer et al., 2006)?
Mcm2-7 ???? Cdt1 ? C ???????????????? (Yanagi et al., 2002; 





???????? DNA????????????????????? geminin ???
?????????????????????? 32P-dATP ????????????
??????????????????????????????? DNA?????
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?????? DNA?????????????? Cdt1????????????? 
GST-Cdt1-?S1 ????????????????????? Cdt1 ????????
????????? Cdt1 ?? Mcm2-7 ?????????????????????
??????????????? (Khayrutdinov et al., 2009)?GST-Cdt1-?H1?????
???????????? Cdt1?????? Cdt1?Mcm2-7???????????
???????  (Teer and Dutta, 2008) ??? 2 ??????????????
GST-Cdt1-KKAA? Cdt1? ATP?????????????????????? Cdt1
??????? Cdt1? ATP????????Cdt1?Mcm4,6,7??????????
?? Mcm4,6,7 ???? DNA helicase ????????????? Cdt1-KKAA ??
Mcm4,6,7 ????????????DNA helicase ????????????????
???????? (You and Masai, 2008)? 
?????????????? GST-Cdt1-?S1??? 1/4?GST-Cdt1-KKAA??? 1/2
???????????????GST-Cdt1-?H1 ?????????????????
? (Fig. 3-4 a and c)????DNA??????? GST-Cdt1-?S1?? GST-Cdt1-KKAA
?? 1/2???????GST-Cdt1-?H1????? DNA?????????????? 
(Fig. 3-4 b and d)?????????????????? DNA???????????? 






































(K543A, K544A, T548A) 
?S1
?H1
(R527A, P529H, E530A, L531A, A532S, 















? (a), (c) ? Cdt1???????????????





(b), (d) ???DNA (???1,000?/?l) ????
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? 4?? N????????? Cdt1??? DNA?? 
???Cdt1 ? N?????????????? (239-620 a.a.; GST-Cdt1-?N)?DNA
????????????? 
GST-Cdt1-?N?Mcm2-7????????????????????? GST-Cdt1-?N
























90 min at 23?
























? Cdt1 ??????????biotin-dUTP ?????




?? (LFB2/50) ?????? 
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?????? DNA ????????????????? 32P-dATP ????????




















Fig. 3-6? GST-Cdt1-?N?????????? WT? 1/2?????? 
? ? Cdt1??????????????????????? (LFB2/50) ? Cdt1???? DNA (???
1,000 ?/?l) ?????23?? 20 ?????????????????? geminin ?????????
????32P-dATP??????? 90??????????????? DNA????????? 





?? GST-Cdt1-?N???? caffeine? Gem79-130????????DNA?????




































90 min at 23?







Fig. 3-7? GST-Cdt1-?N???? caffeine?Gem79-130?????? DNA????????? 
Cdt1 (??? 80 nM) ?caffeine (??? 5 mM) ?Gem79-130 (??? 8 ?M) ??????????
biotin-dUTP ??????? DNA (??? 1,000 ?/?l) ? 23?? 90 ???????????????
DNA?????????????????????????????????????? DNA???
??????????????? (LFB2/50) ?????? 






???? Cdt1???? geminin???????????????????? 
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? 4?? ?? 
 
? 1?? GST-Cdt1????????????? DNA?????? 
Mcm2-7????????????? 
GST-Cdt1? S???????????????????aphidicolin??? DNA??
??????????????? RPA????????????????? (Fig. 3-1)?
???Mcm2-7????????????????? Cdt1?????????????
?? DNA??????????? (Fig. 3-4)??????? GST-Cdt1???????






????????? caffeine ??????????? DNA ????????????
???Cdt1??? DNA????????????????????????????
???????????????????????? (Tsuyama et al., 2009)? 
 
aphidicolin? dCTP?dTTP??????????????? DNA polymerase???
????????????????? aphidicolin???????DNA helicase????
???? DNA polymerase ???????????? DNA ????????????
RPA????????????? ATR-Chk1???????????????????
?????????????? (Byun et al., 2005)???????????? DNA??
?????????? GST-Cdt1 ??????????aphidicolin ?????????
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??? Chk1 ????????????? (Fig. 3-3)??????S ????????
GST-Cdt1??????????DNA polymerase???????????DNA helicase





Cdt1? PIP box???? PCNA??????????????????DNA polymerase
?? PIP box???? (Eissenberg et al., 1997; Bruning and Shamoo, 2004)?PCNA? DNA 
polymerase????????????????? DNA?????????????Cdt1
? PCNA?????????? PCNA? DNA polymerase????????? DNA?
????????????? PCNA????Cdt1?DNA polymerase??????DNA
??????????????PCNA???? DNA????? Cdt1????????
????????????????Cdt1? PIP box??????? GST-?PIP-Cdt1??
???????????? GST-Cdt1 ????????????????????? 
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? 2?? GST-Cdt1?????? DNA????????? 
DNA??????? N?????????? 
Cdt1 ??? DNA ??????? Cdt1 ? Mcm2-7 ???????????????
???????????????Mcm2-7 ????????????? DNA ????
????????????????????? N ???????  (239-620 a.a.; 
GST-Cdt1-?N) ?????????????????? Cdt1???? DNA?????
?????????????????????????? DNA??????????
?????? (Fig. 3-5)????????Cdt1 ?????? DNA ?????????
Cdt1?Mcm2-7??????????????Cdt1? N?????????????




GST-Cdt1-?N ???? Cdt1 ?? 1/3 ?????????????????????
?????? DNA ??????????????????????????????




????? (Fig. 3-5)??? DNA?????? Gem79-130???????????? 
(Fig. 3-7)? 
 















DNA ???????? origin ??????? Mcm2-7 ?????????????
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? 1?? ????????????? (ULSS) ??? 
1.1? ????? 
? 1)? ?????????? ? (??????????S???) 
? 2)? PMS (???????????) (??????) 
3)? chorionic gonadotropin (???????????) (??????) 
4)? modified high salt barth (MHSB) 
? ? ? 110 mM NaCl?15 mM Tris?2 mM KCl?1 mM MgCl2 
? ? ? HCl? pH 7.6?????? 
5)? cystein buffer 
? ? ? 2.9? cystein-HCl-H2O?1 mM EGTA (ethyleneglycol-bis-(?-aminoethlether)-N, 
???????-tetra-acetic acid) 
? ? ? NaOH? pH 7.5?????? 
6)? high salt barth (HSB) 
110mM NaCl?15mM Tris?2mM KCl?1 mM MgSO4?2 mM NaHCO3?0.5 mM 
 Na2HPO4?2 mM EGTA 
HCl? pH 7.6?????? 
? 7)? unactivated extraction buffer (UEB) 
? ? ? ? 50 mM KCl?50 mM HEPES-KOH (pH 7.6)?5 mM MgCl2?5 mM EGTA 
? ? ? ? ????? 2-mercaptoethanol????? (??? 2 mM)? 
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? 8)? cytochalasin B ?? 
? ? ? ? cytochalasin B???? 10 mg/ml?????? DMSO????-20?????
?? 
? 9)? extract dilution buffer with sucrose (EDB-S) 
? ? ? ? 50 mM KCl?50 mM HEPES-KOH (pH 7.6)?2 mM DTT (dithiothreitol)?0.4 mM 
MgCl2?0.4 mM EGTA?10% sucrose?10??g/ml pepstatin A (???????)?10 
?g/ml leupeptin (???????) 
? 10)? ??? 
? ? ? ? ??????? TOMY suprema 21?????TOMY TS-31 
? ? ? ? ??????? TOMY MX-300?????TOMY TMS-21 
? 11)? ????????? 
? ? ? ? 30 ?m NYLON NET FILTERS NY30 (Millipore) 
1.2? ?? 
??????????????????????????????? 5??? 50 U/
?? PMS?????????????????? 500 U/?? chorionic gonadotropin?
???????????MHSB 2 L/????????????? 18????????
? 2???? 22???????????? 
?????????????????????MHSB?????????cystein buffer
???????????????????3 ??? cystein buffer ?????????
HSB?4?????? UEB ????? 3 ???????UEB ?????????
Falcon2059???????? (800 ?g?4??1 min) ??????????????
??????????????????? (13,000 ?g?4??10 min) ??????
???????????????????????????????? Falcon2059?
???????? 1/1,000??? cytochalasin B??? 15%??? EDB-S??????
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???????????? (16,200 ?g?4??25 min) ????????? DNA??
???????????????????????? Falcon2059?????????




? 2?? ???????????? DNA??? 
2.1? ????? 
? 1)? ?????????? ? (??????????S???) 
? 2)? MS222?? 
0.2% (w/v) MS222 (ethyl 3-aminobenzoate methanesulfonate)?0.46% (w/v) NaHCO3 
? 3)? ??????? 
? ? ?   Potter Elvehjam type Teflon glass homogenizer 
? 4)? SuNaSp 
? ? ?   0.25 M sucrose?75 mM NaCl?0.5 mM spermidine?0.15 mM spermine 
? 5)? 3% BSA-SuNaSp 
? ? ?   0.25 M sucrose?75 mM NaCl?0.5 mM spermidine?0.15 mM spermine?3% BSA 
? 6)? EB 
? ? ?   50 mM KCl?50 mM HEPES-KOH (pH 7.6)?5 mM MgCl2? 
? ? ? ? ????? 2-mercaptoethanol????? (??? 2 mM)? 
? 7)? 30% glycerol-EB 
? ? ?   50 mM KCl?50 mM HEPES-KOH (pH 7.6)?5 mM MgCl2?30% glycerol 
? ? ? ? ????? 2-mercaptoethanol????? (??? 2 mM)? 
? 8)? ??????? 
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? ? ?   Hoechst33258???? 1 mg/ml?????????EB? 500???????
???? 
? 9)? ?????? 
? ? ?   L-?-lysophosphatidylcholine, from Egg Yolk???? 2 mg/ml????????
?????-20??????? 
? 10)?  ????????? 
? ? ? ? 30 ?m NYLON NET FILTERS NY30 (Millipore) 
? 11)? ??? 
? ? ?   ??? TOMY RL-131?????TOMY TS-39 
TOMY suprema 21?????TOMY TA-22 
2.2? ?? 
?  ??????????? MS222 ???????????????????????
EB ????????????????????????????????????
????? EB 5 ml????????????????EB????????????
????????????????????????????5 ?????????
????????????????????????? (2,500 rpm?4??5 min) ??
??????????????????????????????????????
?????????????????? (2,500 rpm?4??5 min)????????
SuNaSp 2 ml????????????????? 100 ?l??????? 5????
???????  ?l????????  ?l?????????????????
???????? 95%????????????????????????????
????? 3% BSA-SuNaSp 2 ml???? 5???????????????????
???? (2,500 rpm?4??5 min) ??????????????????? 3% 
BSA-SuNaSp 2 ml? 1??EB 2 ml? 2???????????? 30% glycerol-EB?




? 3?? DNA??????? 
3.1? ????? 
? 1)? e.r. 
? ? ?   1 M phosphocreatin?0.6 mg/ml creatin phosphokinase 
? 2)? CHX 
? ? ?   10 mg/ml cycloheximide 
3)? 20 mg/ml Proteinase K?? 
? ? ?   20 mg/ml Proteinase K (MERCK)?10mM Tris-HCl (pH 7.5)?50% (v/v) glycerol 
? 4)? Stop C 
? ?   20 mM Tris-HCl (pH 7.5)?5 mM EGTA?0.5% SDS 
5)? 10% TCA?? 
? ?   10% TCA (trichloroacetic acid)?2% Na4P2O7?10H2O 
6)? 5% TCA?? 
? ?   5% TCA?2% Na4P2O7?10H2O 
7)? ???????? 
? ?   Glass Microfiber filters GF/C 2.5 (Whatman) 
8)? ????? 
? ?   1225???????????? (millipore) 
3.2? ???? 
?  ???? (ULSS) ? 1/20??? 6 mM CaCl2???? 23?? 15?????????
?????????????????????? 1/40??? e.r.?1/40??? CHX?
??? DNA 100,000?/?l (??? 1,000?/?l) ???????23?? 35??????
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???????????? p21?[?-32P]dATP??????????????????
???????????????????????????? 15 ?l???? 
?  ?????????????? 23?????????????? 1???????
160 ?l? Proteinase K??? Stop C???? DNA?????????37?? 30??
?????????????????????????? 10% TCA??? 4 ml???















? 4?? ?????????? 
4.1? ????? 
1)? e.r. (3.1??) 
? 2)? CHX (3.1??) 
? 3)? TNIBA 
? ? ?   50 mM KCl?50 mM HEPES-KOH (pH 7.6)?2 mM MgCl2?2 mM DTT?0.5 mM 
spermidine?0.15 mM spermine?10 ?g/ml pepstatin A (???????)?10 ?g/ml 
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leupeptin (???????)?2.5 mM ATP?0.1% TritonX-100 
? 4)? 15% sucrose-TNIBA 
? ? ?   50 mM KCl?50 mM HEPES-KOH (pH 7.6)?2 mM MgCl2?2 mM DTT?0.5 mM 
spermidine?0.15 mM spermine?10 ?g/ml pepstatin A (???????)?10 ?g/ml 
leupeptin (???????)?2.5 mM ATP?0.1% TritonX-100?15% sucrose 
5)? ??? 
? ?   ??????? TOMY MX-300?????TOMY TMS-21 (swing) 
KUBOTA 3700?????AF-2018 (angle) 
6)? Tris-Glycine? SDS-PAGE?????? 




5% 7% 8% 10% 15% 
solution 1 (ml) 0.3 1.0 1.4 1.6 2.0 3.0 
solution 2 (ml) - 3.0 3.0 3.0 3.0 3.0 
solution 3 (ml) 1 - - - - - 
?? (ml) 0.8 2.0 1.6 1.4 1.0 0 
10% APS (?l) 15 20 20 20 20 20 
TEMED (?l) 5 10 10 10 10 10 
? ?)? solution 1 
? ? ? ? ? 29.2% acrylamide?0.8% ????-methylenebisacrylamide 
? ?)? solution 2 
? ? ? ? ? 9.1% Tris-HCl (pH 8.8)?0.2% SDS 
? ?)? solution 3 
? ? ? ? ? 3% Tris-HCl (pH 6.8)?0.2% SDS 
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? ?)? running buffer 
? ? ? ? ? 0.1% SDS?0.3% Tris?1.44% Glycine 
7)? PVDF membrane 
? ?   Immuno-BlotTMPVDF Membrane for Protein Blotting (0.2 mm) (Bio-Rad) 
? 8)? transfer buffer 
? ? ?   20% ??????80% Tris-Glycine? SDS-PAGE running buffer 
? 9)? ????????? 
? ? ?   TE 22 Tank Transfer Unit (Amersham Biosciences) 
? 10)? ???????? 
? ? ?   0.5% skimmilk?0.05% Tween-PBS 
? 11)? ?????? 
? ? ?   ? RPA p30?????????????????? ????????????
??????? 
? ? ?   ? Cdc45????????????????? ??????????????
????? 
  ? ? ? ? H3??? Abcam?????????? 
? 12)? ?????? 
HRP-conjugated anti-Rabbit IgG antibody (Cell Signaling Tech) ?????? 
1% skimmilk -0.05% Tween-PBS?????? 
? 13)? ????????????????????? 
? ? ?   ECLTM Western Blotting Detection Reagents (Amersham) 
  ? ? ? ECL plus Western Blotting Detection System (Amersham) 
? 14)? X????? 
? ? ?   KONICA X-RAY FILM (Konica) 
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4.2? ?????????? 
?  ???? (ULSS) ? 1/20??? 6 mM CaCl2???? 23?? 15?????????
?????????????????????? 1/40??? e.r.?1/40??? CHX?
??? DNA (??? 1,000?/?l) ???????23?? 35????????????
?????? p21???????????????????????? aphidicolin?
??????????????????????? 14 ?l???? 
?????????????? 23?????????????? TNIBA 1 ml??
??????????????? 15% sucrose-TNIBA 100 ?l????? swing rotor?
?????? (10,000 rpm?4??5 min)???????????????? TNIBA?
1 ml??? angle rotor??????? (14,000 rpm?4??5 min)??????????
???????????????? sample buffer???????????100?? 5?
????? western blotting????????? 
4.3? ?????????? 
?  western blotting?????? separating gel? 10% ???? 15% polyacrylamide??
? Tris-Glycine ??????????????runnning buffer ??????? (1 ??
?? 20 mA) ???????????????????? PVDF membrane?????
?????????? (30 V?6hr)???? PVDF membrane???????????
? transfer buffer???????????? 
 ? ??? membrane ???????????????? 1 ????????????
??????????0.05% Tween-PBS???????????????? 1???
????0.05% Tween-PBS????????????????? 1??????? 
 ? 0.05% Tween-PBS?PBS???????????????????????????
X???????????????????????????????? 
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? 5?? ???? 
5.1? ????? 
1)? rProtein A SepharoseTM Fast Flow (Amersham Biosciences) 
? 2)? ????? 
? 3)?  ????????? 
? ? ? ? 30 ?m NYLON NET FILTERS NY30 (Millipore) 
? 4)? LFB2/50 
? ? ?   40 mM HEPES-KOH (pH 8.0)?20mM K-Pi (pH 8.0)?1 mM EGTA?10% sucrose?
50 mM KCl?2 mM DTT?2 mM MgCl2?1 ?g/ml pepstatin A (???????)?1 
?g/ml leupeptin (???????)?2.5 mM ATP 
? 5)? e.r. (3.1??) 
? 6)? CHX (3.1??) 
7)? ??? 
? ?   ??????? TOMY MX-300?????TOMY TMS-21 
5.2? ?? 
?  rProtein A Sepharose???? 1???????100 mM HEPES-KOH (pH 8.0) ? 3?
?????Sepharose (gel-bed) ? 3????????????????????????
??? 1/10??? 1 M HEPES-KOH (pH 8.0) ???? pH????1????????
???? 4??????????????????? Sepharose? 100 mM HEPES-KOH 
(pH 8.0) ? 3???????LFB2/50? 4???????????????????
? (3,000 rpm?4??2 min) ????????????????????????
Sepharose??????Sepharose (gel-bed) ?????????? 1/20??? CHX?
?? 4?? 1??????????????????????? (3,000 rpm?4??2 min) 
???????????????????????????????? 1/20??? e.r.




? 6?? Chk1???????? 
6.1? ????? 
? 1)? e.r. (3.1??) 
? 2)? CHX (3.1??) 
? 3)? intact nuclei isolate buffer 
50 mM HEPES-KOH (pH 7.6)?100 mM KCl?5 mM MgCl2?1 ?g/ml pepstatin A (?
??????)?1 ?g/ml leupeptin (???????)?40% sucrose 
? 4)? LFB2/50 
40 mM HEPES-KOH (pH 8.0)?20mM K-Pi (pH 8.0)?1 mM EGTA?10% sucrose?
50 mM KCl?2 mM DTT?2 mM MgCl2?1 ?g/ml pepstatin A (???????)?1 
?g/ml leupeptin (???????)?2.5 mM ATP 
? 4)? ??? 
? ? ?   ??????? TOMY MX-300?????TOMY TMS-21 
? 5)? Tris-Glycine? SDS-PAGE?????? (4.1??) 
? 6)? ?????????????????? (4.1??) 
? 7)? ???????? 
? ? ? 2% BSA?0.05% Tween-PBS 
? 8)? ?????? 
? ? ?   ? phospho-Chk1 (Ser345) ?? (Cell Signaling Technology) ? 3% BSA-0.1% 
NaN3-0.05% Tween-PBS? 1,000??????????? 
? 9)? ?????? 
HRP-conjugated anti-Rabbit IgG antibody (Cell Signaling Tech) ? 1% skimmilk 
- 43 - 
 
-0.05% Tween-PBS? 3,000??????? 
? 13)? ????????????????????? 
  ? ? ?  ECLTM Western Blotting Detection Reagents (Amersham) 
? 14)? X????? 
? ? ?   KONICA X-RAY FIRM (Konica) 
6.2? ?? 
?  ???? (ULSS) ? 1/20??? 6 mM CaCl2???? 23?? 15?????????
?????????????????????? 1/40??? e.r.?1/40??? CHX?
??? DNA (??? 1,000?/?l) ?????23?? 35??????????????
???? p21???????????????????????? caffeine (??? 5 
mM)?aphidicolin (??? 40 ?g/ml) ??????????????????????
?? 36 ?l???? 
????????????????? 30?????????????? intact nuclei 
isolate buffer 300 ?l????????? swing rotor??????? (5,000 ?g?4??5 
min)?????????????????? intact nuclei isolate buffer? 500 ?l?? swing 
rotor??????? (5,000 ?g?4??5 min)?10 ?l??????????????
? 5?sample buffer????????100?? 5?????? western blotting????
?????western blotting? 4.3??????????????????????? 4?
????????? 
?  
? 7?? ??????????? 
7.1? ????? 
? 1)?  e.r. (3.1??) 
? 2)? CHX (3.1??) 
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3)? 20 mg/ml Proteinase K?? 
? ? ?   20 mg/ml Proteinase K (MERCK)?10mM Tris-HCl (pH 7.5)?50% (v/v) glycerol 
? 4)? Stop C 
? ?   20 mM Tris-HCl (pH 7.5)?5 mM EGTA?0.5% SDS 
5)? 10% TCA?? 
? ?   10% TCA (trichloroacetic acid)?2% Na4P2O7?10H2O 
6)? 5% TCA?? 
? ?   5% TCA?2% Na4P2O7?10H2O 
7)? ???????? 
? ?   Glass Microfiber filters GF/C 2.5 (Whatman) 
8)? ????? 
? ?   1225???????????? (millipore) 
7.2? ?? 
?  ?????????????????????????????????????
? DNA (??? 1,000?/?l) ?????????23????????????????
[?-32P]dATP?e.r.?CHX?geminin??? 6??????????????? 23?? 90
????????????DNA????? 3.2???????????? 
 
? 8?? ???????????????? 
8.1? ????? 
? 1)?  e.r. (3.1??) 
? 2)? CHX (3.1??) 
? 3)? biotin-16-dUTP 
? ? ?   Biotin-16-??-deoxy-uridine-??-triphosphate 50 nmol (Roche) ? 50???????
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???? 
? 4)? ????????? 
  ? ? ? 40 mM HEPES-KOH (pH 8.0)?20mM K-Pi (pH 8.0)?1 mM EGTA?10% sucrose?
50 mM KCl?2 mM DTT?2 mM MgCl2?1 ?g/ml pepstatin A (???????)?1 
?g/ml leupeptin (???????)?2.5 mM ATP?0.01% Triton 
? 5)? Stop N 
? ? ? 20 mM Tris-HCl (pH 8.0)?5 mM EGTA?0.5% SDS?200 mM NaCl 
6)? 20 mg/ml Proteinase K?? 
? ? ?   20 mg/ml Proteinase K (MERCK)?10 mM Tris-HCl (pH 7.5)?50% (v/v) glycerol 
? 7)?  alkali agarose gel 
? ? ?   1% SeaKem GTG Agarose (Lonza)?50 mM NaOH?1 mM EDTA 
? 8)? electrophoresis solution 
? ? ?   50 mM NaOH?1 mM EDTA 
? 9)? denaturation solution 
? ? ?   1.25 M NaOH?1.5 M NaCl 
? 10)? 6?alkali loading buffer 
? ? ?   300 mM NaOH?6 mM EDTA?18% Ficoll ?0.15% bromocresol green?0.25% xylene 
cyanol FF 
? 11)? 20?SSC 
? ? ?   3 M NaCl?0.3M ????????? 
? 12)? low melting agarose 
? ? ?   1% NuSieve GTG Agarose (CAMBREX) 
? 13)? membrane 
  ? ? ? HybondTM-N+ (Amersham) 
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? 14)?  Chemiluminescent Nucleic Acid Detection Module (Thermo SCIENTIFIC) 
? 15)? ?????????? 
? ? ?   VacuGene XL (Pharmacia) 
? 16)? X????? 
? ? ?   KONICA X-RAY FIRM (Konica) 
8.2? ?? 
???? (ULSS) ? 1/20??? 6 mM CaCl2???? 23?? 15?????????
?????????????????????? 1/40??? e.r.?1/40??? CHX?
biotin-dUTP ????????????????????? caffeine???? DNA (?
?? 1,000?/?l) ???????????????????????? 5 ?l???? 
 ? ?????????????? 23?????????????? 1???????
140 ?l? Stop N???? DNA???????????????? 20 mg/ml Proteinase 
K?? (??? 0.2 mg/ml) ??? 37?? 60??????????????????
??????????????????DNA???????1.2?alkali loading buffer 10 
?l???????????????????????? 
?  ??????????????? alkali agarose gel???????13 v/cm?4???
?????????????????? low melting agarose????0.25 M HCl??
???? 20????????? DNA????????????????denaturation 
solution ????????? 20 ????????????????????????
? 0.4 M NaOH?? Hybond-N+ membrane? DNA????? (50 mbar?1 hr)? 
?  ??? membrane ? 2?SSC ?????? 10 ??????????????UV ?
DNA? crosslink????????blocking buffer??????? 15????????
??????????????blocking buffer? Stabilized streptavidin?????? 15
????????? DNA???????? biotin-dUTP ???????wash buffer?
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????substrate equilibration buffer?????? 5??????? 
 ? ?????????? X??????????????????????????
?????? 
  































?? 22? 2? 22? 
??? ?? 
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